The joint choice of shopping destination and travel-to-shop mode in downtown area is described by making use of the cross-nested logit (CNL) model structure that allows for potential interalternative correlation along the both choice dimensions. Meanwhile, the traditional multinomial logit (MNL) model and nested logit (NL) model are also formulated, respectively. This study uses the data collected in the downtown areas of Maryland-Washington, D.C. region, for shopping trips, considering household, individual, land use, and travel related characteristics. The results of the model reveal the significant influencing factors on joint choice travel behavior between shopping destination and travel mode. A comparison of the different models shows that the proposed CNL model structure offers significant improvements in capturing unobserved correlations between alternatives over MNL model and NL model. Moreover, a Monte Carlo simulation for a group of scenarios assuming that there is an increase in parking fees in downtown area is undertaken to examine the impact of a change in car travel cost on the joint choice of shopping destination and travel mode switching. The results are expected to give a better understanding on the shopping travel behavior.
Introduction
Both of the destination choice and travel mode choice for shopping trips play important roles in travel demand analysis and transportation policy assessment. Consequently, understanding factors influencing travelers' destination and travel mode choice is necessary to examine the potential effectiveness of policy measures. Previous studies have widely focused on the destination choice [1] [2] [3] and travel mode choice [4, 5] , respectively. In the past few years, research on joint choice travel behavior was focused primarily on the field of travel mode and departure time [6, 7] , as well as residential location and travel mode [8, 9] . As many researchers mentioned, there is a strong relationship between shopping destination and travel mode choice, and people also often make the two decisions simultaneously [10] . Joint analysis of shopping destination and travel mode is helpful to understand the interactions between them and is necessary to assess the impact of the transport policies.
Multinomial logit (MNL) model and nested logit (NL) model based on random utility maximization have been most widely used to analyze travel behavior [11] . However, the MNL model imposes the restriction that the distribution of random error terms is independent and identical over alternatives, which leads to the independence of irrelevant alternatives (IIA) property. Therefore, unobserved similarities existing among choice alternatives in MNL model are overlooked. The most widely known relaxation of MNL model is the NL model. For the NL model, a uniform amount of correlation within a nest of alternatives is allowed, but alternatives not located in the same nest are uncorrelated [12] . For the joint choice analysis of shopping destination and travel mode, two appropriate structures based on the NL model can be described: one is used to nest by shopping destination; another is used to nest by travel mode. However, the both structures can only accommodate correlation along one of the two dimensions. In recent years, the CNL model 2 Discrete Dynamics in Nature and Society has received more attentions in the literature, which allows alternatives to belong to more than one nest instead of each alternative being restricted to a single nest in NL model [13, 14] . Therefore, the CNL model has a more flexible correlation structure to account for various patterns of similarity and dissimilarity among alternatives [8, 15] .
In summary, shopping destination choice has received relatively less attention than other travel behaviors such as travel mode and departure time [16, 17] . Studies on simultaneous choice analysis of shopping destination and travel mode that allows for the flexible correlations along the both choice dimensions are limited. In addition, most previous studies just only focused on analyzing the influencing factors for the travel behavior of shopping destination and travel mode choice, while simulation approach related to transport policies based on the estimated model is limited.
In this study, the simultaneous choice of shopping destination and travel mode is described by using a new CNL structure that allows for the joint representation of interalternative correlation along the both choice dimensions. Traditional MNL model and NL model are also formulated, respectively, and a comprehensive study to compare the different model structures is carried out. Moreover, based on the estimated model, a Monte Carlo simulation for a series of scenarios assuming that there is an increase in parking fees in downtown area is undertaken to examine the effects of a change in car travel cost on the joint choice of shopping destination and travel mode switching.
The remainder of this paper is organized as follows. The next section presents the model structures used in this study. The third section describes the data used for the model and the fourth section presents the model results. In the fifth section a change in car travel cost due to higher parking fees is simulated based on Monte Carlo method. The final section provides a summary and conclusions.
Model Specification
In contrast to previous studies on shopping destination choice, the shopping destination choice set in this paper is a selection of spatial areas according to the shopping distance from home location rather than a selection of zones. Therefore, in this study, home location is assumed to be exogenous. Shopping destination and travel behavior are concentrated within the downtown area, which is a classic example of the monocentric city. So the trips are generated by residents who dwell in the central business district (CBD). Therefore, the shopping destination choice set is based on a series of concentric road-distance rings around the residence. The shopping distance is measured between residential and shopping destination. Travel time and travel cost are computed as a function of shopping distance, which can be obtained from the Maryland Statewide Transportation Model (MSTM).
The shopping destination subset has 3 alternatives consisting of concentric road-distance rings around residence within 1 mile, 1-2 miles, and over 2 miles. The travel mode choice subset consists of 3 modes of home-based travel-toshop: car, transit, walk, and bicycle. Therefore, the model choice set is defined as the joint choice set of shopping destination and travel mode, which creates a set of = 9 alternatives for each decision-maker located at CBD, as shown in Table 1 .
Multinomial Logit and Nested Logit Models.
In the past few years, many discrete choice models were developed based on the generalized extreme value (GEV) theory proposed by McFadden [18] . The GEV models are able to capture the unobserved similarities among alternatives, thus relaxing the restriction of MNL and NL models. Several specific GEV models have been formulated by Wen and Koppelman [19] and by Daly and Bierlaire [20] . In this study, all the model structures are presented based on the GEV model framework to analyze the joint choice behavior of shopping destination and travel mode, in order to capture the unobserved correlations between alternatives.
The basic structure tested is an MNL model assuming that no correlations exist between any of the alternatives. The nesting structure is shown in Figure 1 .
There are two possible two-level NL structures based on nesting different dimensions of the choice. For example, one appropriate NL structure for the two-level combined model based on nesting by shopping destination is shown in Figure 2 , with shopping destination at the upper level and travel mode at the lower level. Alternatives are grouped together based on the shopping destination dimension. In the two-level NL structure, each nest has its own nesting parameter (0 < ≤ 1). The nesting parameter can be used to capture the correlations between alternatives sharing the nest of shopping destination. It is also called dissimilarity parameter. The correlation between alternatives sharing the same nest increases as the dissimilarity parameter decreases. Figure 3 shows another nesting structure that alternatives are grouped together based on the travel mode dimension. The NL structure shown in Figures 2 and 3 can only be used to analyze the correlation along only one of the two dimensions.
They cannot be used to analyze the correlations along the two dimensions of choice simultaneously. For example, the model structure shown in Figure 2 cannot be used to capture spatial correlation between alternative using mode to destination 1 and the alternative using mode to destination 2 . In general, if there are dimensions in the choice process, joint choice NL model used in most previous studies can only be used to analyze the correlations along at most − 1 of dimensions by using a multilevel structure.
Cross-Nested Logit Model.
The deficiencies of the MNL and NL model structures were first discussed by Hess and Polak in the context for air travel behavior [15] . The solution put forward by Hess and Polak is to use a CNL model structure. It is one motivation for the efforts made in this study to propose improved structures for the joint choice of shopping destination and travel mode. Based on the previous studies, a new CNL model structure is proposed in Figure 4 . As shown in Figure 4 , the structure for the joint choice model is specified by allowing each alternative to belong to exactly one nest in each shopping destination and travel mode groups. As such, the structure of the model is able to accommodate full correlations along all the dimensions using the simultaneous pattern. In this paper, the allocation parameters (0 ≤ ≤ 1), governing the proportion by which an alternative belongs to each nest, can also be obtained based on the GEV structure. A value of zero indicates that the alternative does not belong to the nest at all. It is usually specified that the allocation parameters for a given alternative must sum to unity over all nests. In this study, the nonzero allocation parameters for a given alternative were fixed to a value of 0.5, indicating that an alternative belongs by the same proportion to one shopping destination nest and one travel mode nest. As such, the improved structure of the model is able to accommodate the correlations between alternatives along all the dimensions using the simultaneous pattern.
Model Formulation.
As a specific GEV model, the CNL model is formulated for the joint probability choice of shopping destination and home-based travel-to-shop mode. There are two main advantages for the application of the CNL structure. On one hand, the CNL model structure provides a more flexible correlation structure of the error term that allows the potential correlations between alternatives to be captured along the both choice dimensions. On the other hand, the CNL mode structure has closed-form expression derived for the calculation of the choice probability.
According to the GEV theorem [18, 19, 21] , the CNL model choice probability derived from the generator function presented in (1) is defined in terms of conditional and marginal probabilities as shown in (2):
where represents an alternative; represents a nest; is a nest-specific coefficient; is a weight parameter; the conditional probability of an alternative being chosen in nest is as follows:
where is an allocation parameter that characterized the portion of alternative assigned to nest , 0 ≤ ≤ 1. And the marginal probability of a nest being chosen is shown as follows:
Thus, the probability of the CNL alternative being chosen is shown as follows:
In (5), there are two key factors on which the probability of the alternative choosing depends: nesting coefficients and deterministic component of the utility function. In this study, the parameters are estimated based on maximum likelihood method.
Data Sources and Sample Formation
The data used in this study is drawn from the Baltimore and Many factors have been identified that influence the decisions of shopping destination and travel mode [8, 22, 23] . There are four variable groups used in this analysis: household, individual, land use related, and travel related characteristics. The variables of household characteristics include household size, income, and the number of cars available in the household. The variables of individual characteristics include gender and age. The built environment at the home-located TAZ is found to be potentially important variables influencing the choice of shopping destination in many previous studies. In this study, population density and retail employment density at the TAZ level are used as land use related explanatory variables. Travel related characteristics include travel time and travel cost computed from home location to shopping destination by different travel modes. The total variables used in analysis are shown in Table 2 .
The distributions of shopping distance and travel time for all trips are shown in Figures 5 and 6 . The distribution of shopping distance shows that the shopping trips decrease as the distance from home increases, which is consistent with expectations. Most shoppers tend to make shopping trips within one mile distance from home. Figure 6 shows that most shoppers tend to take less than twenty minutes for their shopping trips.
A descriptive analysis is conducted to get intuitive findings regarding the association between household, individual, land use related characteristics and the preferences of shopping destination and travel mode. As shown in Table 3 , Discrete Dynamics in Nature and Society 5 young individuals are more likely to shop farther away from home and they are also found to show a negative propensity to use transit. This may be seen as an intuitive characterrelated effect for young individuals. As expected, people from smaller household size, lower household income, and lower car ownership are found to be more likely to shop closer from home and use transit or walk and bicycle for shopping trips.
Empirical Results
All the models presented in this study were estimated using Biogeme [24, 25] , including the MNL model, two kinds of NL model, and the proposed CNL model. The probability of choosing each alternative can be estimated using the presented model based on the given independent variables. The travel-related parameters, data fit measures, and dissimilarity parameters for the four models are presented in Table 4 . In terms of adjusted 2 , it can be seen that the MNL model and the first NL model outperform others. In terms of the log-likelihood, the final log-likelihood value of the CNL is −1307.762, which is 0.846, 0.509, and 56.683 points higher, respectively, than that of the MNL model and the other two kinds of NL model. As expected, the signs of the travelrelated parameters are negative. The average value of travel time savings for the shopping trips is about 0.19 $/min (about 11.5 $/hour), which is lower than the value for commuting trips reported by Hess et al. [26] .
In terms of the unobservable correlations between alternatives, as seen from Table 4 , the CNL model is superior in capturing the unobservable correlation between alternatives when compared to the MNL and the other two kinds of NL model. The dissimilarity parameter along the transit dimension is minimal, indicating that the alternatives in the transit nest have high correlations. In other words, the dissimilarity parameters capture the pattern of substitutability across alternatives [19, 27] . Due to the high substitutability of the alternatives in the transit nest, the decision-makers are more likely to shift their shopping destination rather than their travel mode when the values of the utility variables change (such as due to transportation control measures). The mean value of the dissimilarity parameter for the shopping travel mode is lower than that for shopping destination, which means that the shoppers who live in the downtown area are more likely to shift their travel mode than shopping destination.
The detailed estimation results based on the CNL model are presented in Table 5 . The model results suggest that these household, individual, and land use characteristics in the case study area are the important factors influencing the individuals' shopping destination and travel mode choice decisions. In terms of the household characteristics, it can be seen from Table 5 that single person is significantly less likely to shop by transit when the shopping destination is 1-2 miles away home, compared with the base alternative. People from the larger households are significantly more likely to shop closer from home and significantly less likely to walk to shop. Low income groups are found to choose shopping destinations closer from home using transit, compared with the base alternative. However, they are found significantly less likely to walk to shop. Higher income groups show a positive propensity to walk to shop, compared with the base alternative, though it is less significant at the 95 percent level. As expected, low car ownership level is found to show a significantly negative propensity to drive to shop. People with more cars available are significantly less likely to walk to shop even if the shopping destination is within 1 mile from home. In terms of the individual characteristics, the variable of gender is found to be less significant. Young adults are significant more likely to walk to the shopping destination further away from home. Older individuals are found to be more likely to drive to shop than younger individuals when the shopping destination is within 1 mile from home. In terms of the land use related characteristics, it is found that people who live in high residential density and retail employment density areas are significantly more likely to walk to shop within 1 mile from home.
Monte Carlo Simulation
The traffic problem becomes much serious in the downtown areas. Therefore, the simulation tests on different scenarios Discrete Dynamics in Nature and Society 7 are extremely useful for the transportation demand management (TDM), transportation control measures (TCM), and intelligent transportation system (ITS). In this study, another important motivation lies in obtaining the simulated results when the travel-related attributes change arising from transport policies, using the empirical results to test the impact of a change in travel cost on the joint choice of the shopping destination and travel mode switching. Most transportation congestion management actions attempt to affect the mode choice behavior or reduce trip making by directly or indirectly impacting the level-ofservice variables. For example, congestion pricing and parking fees rely on the use of monetary disincentives for the car mode. In this study, a group of simulations is carried out by assuming that there is an increase in car travel cost due to the higher parking fees in the downtown area.
Sample enumeration is used to calculate the joint choice probabilities for each shopper based on the estimated parameters presented in Table 5 . This is extremely useful for producing the aggregate shares for all alternatives. To produce the analysis of the impact of a change in travel-related attributes, the simulated choices following the change can be obtained based on the Monte Carlo simulation using the estimated model. Then the correct predicted probabilities for all alternatives can be calculated based on the simulated each choice. It is found that the predicted shares are very close to the actual shares, as shown in Table 6 . Therefore, the CNL model can be used to accurately represent the choice shares in the study area.
The simulated results for one dollar, two and one half dollars, and five dollars increasing in car travel cost due to higher parking fees are presented in Table 7 . As expected, the simulated results show that the choice probability of driving decreases with the car travel cost increasing. Specially, the effect of higher parking fees is more significant for the long shopping distance. The shares of using car to far away from home (i.e., over 2 miles) for shopping sharply decrease when there is a higher parking fees. Most shoppers living in the downtown area will shift from car mode to walk or bicycling for shopping trips to reduce their transport spending. In this case, it is important to provide a suitable walking environment and provide a better neighborhood design for the pedestrian. Otherwise, the people will still choose the car mode to shop because of the bad pedestrian environment, and the policy of a change in parking fees will fail.
Conclusion
In this study, the joint choice of shopping destination and travel-to-shop mode is analyzed, using three different types of GEV structures: MNL model, two types of the NL, and a new CNL model. A combination of data sources is used to estimate the choice of models for the downtown areas in Maryland-Washington, D.C. region. As the estimated results showed, unobserved similarities which exist among choice alternatives are overlooked in the MNL model, the use of twolevel NL models can allow for the treatment of correlation along a single dimension of choice, and the proposed CNL model can capture the unobserved correlations along the both shopping destination and travel mode dimensions. In terms of model performance, the CNL model outperforms other models in general. Therefore, the CNL model can be seen as a valuable tool in the analysis of the joint choice of shopping destination and travel model. The model results show that household, individual, land use, and travel related characteristics play different roles in the joint choice behavior of shopping destination and travel mode.
A series of simulations are conducted for increasing car travel cost to forecast the aggregate choice shares, using the sample enumeration method. Significant choice switching effects are found, and the simulated results suggest that 8 Discrete Dynamics in Nature and Society transport policies aimed at reducing traffic congestion in downtown areas by increasing car travel cost may have better effects; however improving the pedestrian environment is also necessary. Charging for the road user has been seen by some academics and urban planners as a solution to traffic problems in the city. The framework presented in this paper has more potential application in the future, such as the impact study of a hypothetical road user charging scheme and the effect analysis of parking charges, transit subsidies, and flexible work hours on a traveler's behavior. Further studies will not only include the application of the framework based on the CNL model but also include the use of advanced model structures allowing joint for the cross-nesting, continuous deterministic, and random taste heterogeneity to exam the shopper travel behavior.
